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My present- invention relates to devices for V 
converting electrical into non-electrical, such 
as mechanical, energy and the like, and vice 
versa, and aims to devise articles of the gen 
eral character speci?ed which, by the utili 
zation of certain novel dielectric substances 
and bodies made of the same, permit high po 
tential gradients to be utilized in such dielec 
tric bodies and consequently very high pres 
sures and correspondingly substantial me 
chanical effects to be obtained in accordance 
with the principle known as the “piezo” ef 
fect, the reverse operation of converting 
mechanical or other non-electrical energy 
into electrical‘ energy making use of the same 
devices and the same electro-mechanical 
principles. ' - 

It is an object of the present invention to 
devise devices of the general character spec 
i?ed above which are simple in construction, 
which may be readily and economically fab 
ricated and assembled, and by means of 
which in a simple and highly e?ective man< 
vner the desired conversion of one form of 
energy into another may be accomplished. 
In its more specific aspects, the present inven_ 
tion aims to devise articles by which electri 
cal energy may be converted into mechani 
cal energy for the operation of relays, loud 
speakers for radio and like purposes, and 
devices for converting electrical into vibra 
tory, such as audible, impulses, as for the 
transmission of signals under water. Other 
objects and purposes of the present invention 
will in part be pointed out in detail herein 
after and will in part be obvious to those 
skilled in the art to which the present inven 

’ tion relates. 
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In the accompanying speci?cation I shall 
describe, and in the annexed drawing more 
or less diagrammatically illustrate, an illus 
trative embodiment of the present invention, 
particularly one- for converting electrical 
into non-electrical, as mechanical, energy. It 
is, however, to be clearly understood that my 
invention is not limited to the speci?c em 
bodiment thereof herein shown and de 

' scribed for purposes of illustration merely. 
It is furthermore ‘to be clearly understood 
that the speci?c character of the dielectric 

substances and dielectric bodies made of the 
same which may be utilized in the devices of 
the present invention is more fully described 
and is fully claimed in a copending simulta 
neously ?led application of mine Serial No. 
168,448 entitled “Dielectric substances, insu 
lators and the like”. ‘ 

Referring to the drawing, wherein I have 
more or less diagrammatically illustrated an 
embodiment of the present invention utiliz~ 
ing the principles of the same, the single fig 
ure of the drawing shows in edge view a de 
vice for converting electrical into non-elec 
trical, as mechanical energy, as for the oper 
ation of a relay. for example. ‘ 
Before describing the aforesaid illustra 

tive embodiment of the present invention and 
principles involves in the same, it may be 
desirable brie?y to refer to the prior state of 
the art relating to the ?eld of the present in 
vention, particularly with reference to the 
so-called “piezo” effect, by means of which 
it is found that the attractive force between 
the opposite poles or electrodes of a source of 
electric potential causes a certain pressure on 
the intervening dielectric. The attraction F 
between the opposite poles or electrodes of a 
such source of electric potential may be given 
as the product of the dielectric constant E of 
the dielectric employed and the square of the 

' impressed potential gradient 1X‘, divided by 
8 1r, according to a formula which is as 
follows: i ‘ 

Svr 8a 

where X, is__the field on the attracted elec 
trode and X the average ?eld. In other 
words, the force of attraction between the 
opposite poles or electrodes of such a source 
of electric potential is proportional to the 
square of the potential gradient. 
Now with ordinary insulators, a potential 

gradient of about 200,000 volts per centi 
meter is about the maximum obtainable. 
lVith this potential gradient there is a pres 
sure on the dielectric, due to the dielectric 
stress, of ap V roximately one~tenth of an at— 
mosphere. f the potential gradient be in 
creased to about 1,000,000 volts per centi 
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2 
meter,_the_pressure rises to 2.5 atmospheres, 
which is a substantial, measurable effect, as 
distinguished from the practically negligible 
effect which was hitherto the maximum avail 
able with the maximum potential gradients 
hitherto obtainable. Since the pressure, 
which is a measure of the mechanical effect, 
varies and the square of the potential gra 
dient, with higher gradients even than 
1,000,000'volts per centimeter, pressures and 
equivalent mechanical e?ects are obtainable 
which render such effects capable of prac 
tical application. 
Referring now to the aforesaid illustra 

tive embodiment of the present invention, 
and more ‘particularly to the drawing illus 
tratingthe same, I employ for my‘ dielectric 
any suitable dielectric material made up of a 
plurality of layers of a thickness of an order 
of about ‘one micron, as of .a thickness o-fless 
than about ?ve microns, generally between 
about .2 micron and about ?ve microns. This 
‘thickness corresponds to the order of the 
average distance an ion must travel to cause 
ionization by impact, forVI have discovered 
that ‘the breakdown vof a dielectric is appar 
ently due to a ‘species of ionization by impact 
‘and ‘that if such ionization can 'be avoided or 
‘kept within moderate limits, breakdown will 
be avoided. With layers of dielectric of such 
critical thicknesses, it will be found that the 

. breakdown vpotential is independent of the 
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i’ that is, 

thickness ofv the layer within ‘this range of 
thickness and that the breakdown potential 
‘gradient is inversely proportional to the 
thickness of the layers of the dielectric with 
in this range of thickness. 
For ‘example, assuming a total thickness 

for the ordinary unlaminated insulator or 
for an ‘ordinary laminated insulator where 
‘the laminations of the dielectric are outside 
ofithe critical range of thickness given above, 

are thicker than ?ve microns each, 
the breakdown potential- Vb will, for such 
given'thickness, be constant, that is, inde 

~ ‘pendent of the thickness of the layers or lami 

‘so 

7 as follows :7 

.nationsma'king upsuchinsulator of‘the given 
total thickness of D, and will be equal to the 
breakdown rrgradient' Eb multiplied by the 
thickness D, according to a formula which is 

vOn theiother hand, where the thickness of 
the laminations making up the laminated di 
electric according to the principles of the 

, present invention is within the critical range 
ofthickness, that is, is less than about ?ve 
microns, that 1s, 1s of an order of about one 

.7 1cron,as by being one or two microns thick, 
,and assuming that the thickness is greater 
j than ,2 micron, the breakdown potential Vb 

7' ,is equal to the number n of layers having a 

7 1 65,. of thickness of the layers, multiplied ‘by the 
total thickness D‘ within such critical‘ range 
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breakdown potential Vo of a single layer, 
such breakdown potential, as already stated, 
being independent of the thickness (Z of the 
layer within such critical range of thickness, 
a relation which may be expressed ‘by the fol 
lowing series of formulas: ' ' 

Vb'=n.V,,=Z_7.Vo 
. d , 

Where the thickness (Z of the layer is .2 
micron, or less, the breakdown potential V, is 
independent of the thickness and equals a 

‘ certain maximum corresponding to a maxi— 
mum breakdown gradient according to the 
following formula in whichD equals the total 
thickness of the layers'having a thickness of 
.2 micron .or less: ' , 

b: 7t.Emat.dv;Emat.D. 

Accordingly by making the thickness cl 
of the layers thin enough, and taking care 
that the ions produced in any one layer will 
not be admitted to the next layer of the di 
electric so as to cause cumulative ‘ionization, 
which result may be brought about by, the’ 
use of separators, as of very thin metal, ‘or 
of using a dielectric of relatively good con 
ductivity, as one having a speci?c vconductiv 
ity severaltimes, as ten times, the speci?c 
conductivity of the dielectric, or by using a 
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different dielectric having a thickness within . 
the critical range ‘of thickness given above, 
tremendously high potential gradients may 
be obtained corresponding to tremendously 
high pressures and correspondingly high me 
‘chanical effects. 7 

F orexample, using a potential gradient of 
108 volts gper centimeter, the pressure, accord 
ing to the formula given above, rises to the 
enormous amount of 25,-O00atmospheres. At 
potential gradients equalling 1,5><108 volts 
per centimeter, which I have actually at 
tained in certain cases, the pressure rises to 
the enormous amount of 260,000 atmospheres. 

At a pressure of 40,000 atmospheres, the 
'compression'in the dimension across which 
the pressure exists, will, in the case of mica 
or glass, amount to about 3%. With other 

. materials of‘ greater volume compressibility, 
such as thel-lnseed oil varnish dielectricsude 
scribed later in this speci?cation, this amount 
is considerably larger. Hence, ablock of di 
electric material constructed in accordance 
with the principles of‘ the present invention 
and operated under the dielectric stresses at 
tainable under the conditions set forth above, 
may be expected to change its thickness ‘by a. 
factor of at least 3%; 
A block ‘one centimeter thick will, there- » 

fore, _if constructed in accordance with the 
principles of the present lnvention, change its 

upon the application of the required voltage. 
_ ‘Such a movementmay be employed to op~ 
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erate a loud speaker, for example. It is also 
su?icient to enable it to be used for relay pur 
poses and for the transmission of audible sig 
nals under water, for example. , 

It is not necessary that the entire voltage 
be placed on the block of material. Nor is 
it necessary that the voltage required to be 
placed on such a block of this material be 
greater than the voltage which may be sup 
ported by a single thin layer having a thick 
ness within the critical range of thickness 
set forth above. This is for the reason that 
where conducting layers of thin metal or the 
like are positioned between the layers of the 
dielectric, alternate separators may be con 
nected to one of the two opposite sides of the 
supply circuit. The dielectric ?lms would, 
therefore, be thus subjected to- the required 
dielectric stress in parallel. 
At from about two or three to about ?ve 

thousand volts, therefore, a one centimeter 
block may be made to operate a relay, loud 
speaker or device for transmitting audible 
signals under water, for example. ‘Vhere 
such a device is to be used in a loud speaker, 
it is desirable to place a constant potential 
on the block and superimpose the voltage 
from the source of voice currents so that 
de?ection would always be in the direction 
of the applied alternating current potential. 
By making the direct current potential high 
compared with the alternating current po 
tential it will give a much‘larger and prac 
tically linear response to the applied alter 
nating current potential. 

Referring now- more particularly to the 
type of linseed oil-varnish dielectric which I 
have found 'very useful for the purposes of 
the present invention, I take pure linseed oil 
and polymerize the same at ‘a temperature 
of about 300° C. for about two hours in the 

, absence of air. I then add to the polymer 
ized linseed oil a suitable siccative, for exam 
ple, the nickel or manganese salt, preferably 
the manganese salt, of the characteristic or 
ganic acid of which linseed oil is the glycer 
ide. The ?lm of linseed oil itself may be 
from about ten to about twenty’ or more 
microns thick, since it is not the total thick 
ness of the ?lm itself but the thickness of the 
oxidized portions of the same which must be 
kept within the critical range of thickness 
set forth above. Such a ?lm may be sup 
ported on a thin strip of steel or other suit 

i able support from which it may afterwards 
be stripped, if desired. ~ 
Eitheror both surfaces, preferably both 

surfaces, of the linseed oil ?lm thus prepared 
are super?cially oxidized to a depth which 
will be within the critical values set forth 
above, that is, between about .2 micron and 

' about 5 microns. This super?cial oxidation 
appears to be facilitated and rendered possi 
ble ‘by the presence of the siccative which, 

‘ apparently by a sort of diffusion action, ren 
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ders possible the rapid super?cial oxidation 
of the layer of linseed oil without any sub 
stantial oxidation of the interior portions of 
such layer. Such interior portions, there 
fore, retain a substantial conductivity which 
is many times, apparently more than ten 
times, the speci?c conductivity of the oxi 
dized super?cial portions of the ?lm. 
The oxidizing action is preferably con 

tinued for about ten minutes in the presence 
of air or some other suitable oxidizing medi 
um of about 160° C. after which time the ex 
posed surface or surfaces of the ?lm, if both 
surfaces are exposed, as is preferably the case, 
will be found to be oxidized to the desired 
thickness about one micron, in which oxidized 
layer or layers substantially all of the voltage 
drop will take place when the ?lm is subjected 
to an electric potential. Where both surfaces 
of the ?lm are oxidized to a depth the criti- . 
cal values given above, the breakdown poten 
tial of the resulting ?lm having both surfaces 
so oxidized will be twice that of the ?lm of 
the same dimensions having only one surface 
oxidized. Since, for the purposes of the pres 
ent invention, I desire to provide a dielectric 
which will stand as high voltage gradients as 
possible so as to produce the maximum pres 
sures and the maximum mechanical effects, 
I prefer to oxidize both surfaces of the ?lms 
in the manner set forth above. The methods 
and means which may be successfully em 
ployed for preparing such super?cially oxi 
dized ?lms are more fully disclosed and are 
fully claimed in my copending simultane 
ously ?led application referred to above. 
In the single ?gure of the drawing 10 indi 

cates an energy-conversion device embodying 
the principles of the present invention and 
including-in its construction a plurality of, 
here shown as eight, layers or ?lms 11 each of 
the surfaces 12 of each of which ?lms is super 
?cially oxidized to a depth of an order of 
about one micron and within the critical 
range of thickness from about .2 micron to 
about ?ve microns. I interpose between suc 
cessive ?lms 11 alternate metal connectors in 
the form of thin plates or sheets 20 and 30, 
respectively. The plates or sheets '20, of 
which ?ve are here shown, have the upper 
portions 21 of the same brought together to 
form a pole or electrode 22 which may be 
connected with one pole of a source of high 
potential direct, pulsating or alternating cur 
rent. The upper portions 31 of the plates or 
sheets 30 are brought together to form a pole 
or electrode 32 which is connected with the 
other pole of the source of high potential di 
rect, pulsating or alternating current. 

It is, of course, to be understood that the 
number of ?lms 11 may be increased inde?n 
itely requiring in each case the proper num 
ber of metal separators or connectors 20 and 
30, and that the ?lms 11 are preferably made 
.quite thin, as of an order of ten microns, while 
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the oxidized surface portions 12 of the same 
are each of an order of about one micron. 
The thickness of the separators 20 and 30 is 
preferably of an order of about one micron, 
as where such plates or sheets are made of the 
steel foil, about one micron thick,'now on the 

On 
the other hand, other and betterv conducting 
metals, suchas brass or copper, may be ,used 
for the separators or connectors 20 and 30. 
Increasing the number of ?lms 20, their di 
mensions and dielectric characteristics re 
maining the same, and using the parallel ar~ 
rangement of voltage distribution illustrated 
in the drawing, the desired mechanical ef 
fect may be increased in proportion to the 
number of such ?lms, until a degree of me-, 
chanical‘ e?'ect' is obtained suitable for the 
purpose for which the same is to be employed. 

It may here be stated that where‘ the im? 
pressed voltage is from a source of alternat 
ing current, there ‘will be a mechanical effect 
in the nature of a vibration corresponding in 
frequency to the frequency of the impressed 
alternating current. As already indicated, 
by impressing on the'device a direct current 
potential which is relatively high as com 
pared with an impressed alternating current 
potential, the characteristics of which are 
modi?ed by a suitable wave impulse, as 
speech, the device will give a vibration which 
will be a substantially linear response or 
function of theapplied alternating current 
potential which ?uctuates with the impressed 

" speech or other wave impulse. 
On the other hand, the source of applied 

vpotential maybe from a direct current, in 
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which case, on closing the circuit,’ a ?xed 
mechanical effect will be produced in one 
direction, vand on breaking the circuit the 
mechanical effect will be terminated. 'Where 
the reverse mechanical e?'ect is desired to be 
obtained, namely, where it is desired to-con 
vert mechanical energy, as in the nature of 
a vibratory eli’ect, into electrical current, for 
the sending of signals and ‘the like, by im~ 
pressing a direct current potential on the two 
poles of the device,.and thereafter subject 
ing the device to successive compressions and 
vreleases of compresslons at any desiredrfre 
quencies or intervals, there will be ?uctua 
tions in the potential at the poles of the de 
vice corresponding to these variations in the ' 

'mchanical pressure'exerted on'the device. 
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The variations in potential at the poles will 
be a function of the change in the thickness 
of thedielectrics. » -» . 

This completes the description‘v of the 
aforesaid illustrative embodiment’ of . the 
present invention. 'It‘will be apparent that. 
‘the principles of the present invention may 
be utilized in’ many forms and in many em~ 
bodiments of the same; In each case use is 
made of the properties of the dielectric hav 

. ing thicknesses within‘ the critical range of 

thickness set forth above. ~V Where linseed oil 
varnish is utilized which is super?cially 
oxidized,.layers of'the dielectric of the de 
sired thicknessmay be. readily made. In 
fact, it is possible to provide a single thin 
?lm of the linseed oil varnish with two layers 
of dielectric having the desired thicknesses, 
one at each surface of the ?lm. The linseed 
oil varnish is furthermorjevery desirable for ‘ 
the purposes of the present lnvention slnce h 
it is characterized'by high volume compress 
ibility, which will correspond to relatively 
high mechanical effects, and vice versa. 
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The device .-may be used either for con- ' 
verting electrical into non~electrical, as me 
chanical, energy, or for converting non-elec 
trical, such as mechanical, energy into elec 
"tricalenergy. In any such case the high 
voltage gradients possible withthe devices 
of the present invention permit a corre 
spondingly high mechanical effect by pres 
sure to be produced‘, the attraction between 
the electrodes, corresponding to the pressure 
or mechanical eifect on the intervening di 
electric, being proportional to the square of t 
the potential gradient, 
By distributing the potential gradient in 

parallel, as by means of a. plurality of'sets 
of interposed metallic orother good con 
ducting plates or sheets, a unit of the desired 
size for producing a substantial pressure or 
mechanical ‘effect may readily be built up. 
which is adapted to be used at moderate volt 
ages of from about three to about ?ve thou-, 
sand volts. Other advantages and super-' 
iorities of the energy-conversion devices of 
the present invention will readily occur to 
those skilled in the art to which the same 
relates. ' ' r a 

What I claim as my invention is; 
1. A device for converting electrical into 

non-electrical energy, and vice versa, com~ 
prising a dielectric body made up of a plu 
rality Iof‘layers of dielectric material, each 
such layer of dielectric material being of a 
thickness of between about 1.2 micron and 
about 5microns. , V ' 

'2. An energy-conversion device compris 
ing a plurality of layers of dielectric mate 
rial'of a thickness of an order of about one 
micron and intervening layers'of metal. 

' 3. An energy-conversion device compris 
ing a plurality of layers of oxidizedlinseed 
oil of a thickness of an order of about one 
micron and intervening layers’ of metal. 

él. An energy-conversion device comprising 
a-pluralityof layers of, oxidized linseed oil 
of a thickness of from about .2 micron to 
about ‘?ve microns and intervening layers of 
metal. 7 ' ' ' - 

.5. An energy-conversion device comprising 
a plurality of layers .ofoxidized linseed oilv of 
a thickness of an orderv of about one micron 
and intervening layers'of metal, alternate 
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ones of said layers of metal being connected 
to each other. 

6. An energy-conversion device compris 
ing a plurality of layers of dielectric mate 
rial of a thickness of an order of about one 
micron and intervening layers of metal, al 
ternate ones of said layers of metal being 
connected to each other. 

7 . An energy-conversion device comprising 
a plurality of layers of linseed oil varnish 
each surface of which is super?cially oxidized 
to a thickness of from about .2 micron to 
about ?ve microns and intervening layers of 
metal. 

8. An energy-conversion device comprising 
a plurality of layers of linseed oil varnish 
each surface of which is super?cially oxi 
dized to a thickness of less than about ?ve 
microns and intervening layers of metal, al 
ternate ones of said layers of metal being 
connected to each other. 

9. A11 energy converting device compris 
ing the combination with a plurality of con 
ducting members, of a plurality of dielectric 
members adjacent the said conducting mem 
bers, but spaced therefrom, the said dielectric 
members being in form of ?lms, the said ?lms 
having a super?cial oxidized coating upon 
the surfaces of the said ?lms. 

10. An energy converting device compris 
ing a plurality of conducting surfaces, of a 
plurality of dielectric surfaces alternating 
with the said conducting surfaces, but spaced 
therefrom, the faces of the said dielectric 
surfaces being super?cially oxidized. 

11. An energy converting device compris 
ing the combination with a plurality of con 
ducting plates, of a plurality of dielectric 
?lms alternating with the said conducting 
plates, but spaced apart therefrom, the sur 
faces of the said dielectric ?lm being super 
?cially oxidized to a depth not exceeding ?ve 
microns. . 

12. An energy converting device compris 
ing the combination with a plurality of con 
ducting plates adapted to form an electrode 
for connecting to a source of high potential, 
of a plurality of dielectric ?lms disposed ad 
jacent to said conducting plates, the said 
conducting plates being sandwiched between 
the said ?lms but spaced apart therefrom, the 
said ?lms having their surfaces super?cially 
oxidized to a depth not exceeding ?vemicrons, 
the said ?lms being adapted to form an elec 
trode suitable for connection to the other 
pole of the source of high potential. 
In testimony whereof, I have signed my 

name to this speci?cation. 
ABRAHAM J OFFE. 


